Background: Locally advanced and metastatic renal cell carcinoma (RCC) is associated with poor survival outcomes. The integration of presurgical systemic therapy with targeted molecular agents prior to surgical resection of RCC tumors has been utilized to improve on these outcomes. These agents may be associated with an increased risk of perioperative complications due to their action on angiogenesis and cell proliferation. Objective: To examine the evidence for the incidence and severity of perioperative complications following presurgical targeted therapy for locally advanced or metastatic RCC. Methods: We performed a systematic review of retrospective studies, prospective clinical trials, and meta-analyses using key search terms in PubMed and Medline. Studies were screened for eligibility and data were extracted by the authors. A qualitative analysis was performed and the complications for available targeted agents was reported. Results: Retrospective analyses and small prospective trials indicate varying complication rates and types based on presurgical therapies. While some studies indicate a possible increase in wound-related complications, other studies did not show similar results. Additional unique complications reported include an increase in surgical adhesions. There was not any significant difference in overall or bleeding complications.
INTRODUCTION
account for over 14,000 deaths [1] . Largely due to the detection of small renal tumors from the increased utilization of cross-sectional imaging, the majority of patients present with localized disease. However, nearly 20% still present with locally advanced or distant metastatic disease [2] . Survival outcomes following surgery alone for locally advanced disease are suboptimal, with a 5-year progression free survival probability of only 30% for patients with T4 disease or pathologic lymph node involvement [3] . Improving on these outcomes remains a clinical challenge.
A greater understanding of the mechanisms of RCC carcinogenesis has facilitated the development of targeted molecular therapies for RCC over the past decade. These new agents inhibit specific components of the vascular endothelial growth factor receptor (VEGFR), platelet derived growth factor receptor (PDGFR), mammalian target of rapamycin (mTOR), and down-stream signaling pathways involved in angiogenesis and metabolism for RCC [4] . More recently, immune checkpoint inhibition with monoclonal antibodies against PD-1/PD-L1 has shown to improve survival in patients with metastatic RCC both as first-line treatment, and in those who previously failed second-line therapy with signal transduction inhibitors [5, 6] .
Despite these advances, surgical resection of the primary tumor remains a key component in the management of advanced RCC. Two landmark clinical trials, conducted in the cytokine therapy era, found that cytoreductive nephrectomy (CN) conferred a modest survival benefit for patients with metastatic RCC and good performance status [7, 8] . Current guidelines have extrapolated this concept to the targeted therapy era, and recommend CN in selected patients [9] . A recent analysis from the National Cancer Database evaluated the utilization and survival of CN in patients who received targeted therapy. This analysis found that CN correlated with improved overall survival compared to no CN [10] . However, for patients with high-risk, non-metastatic RCC, the most effective integration of targeted therapy remains unclear in regards to the proper agent, dose, and timing. Notably, two phase III clinical trials examining TKIs in the adjuvant setting have produced conflicting results for disease-free survival [11] [12] [13] .
"Presurgical" or "preoperative" therapy with targeted agents in patients with clinical M0 or M1 disease has been investigated in small prospective trials [14, 15] . The purported benefits of presurgical therapy include eradication of micrometastatic disease, tumor down-staging, and easing surgical resectability [16] . One major concern with presurgical therapy is the potential to increase intra-operative and post-operative complications. Experience with traditional, cytotoxic chemotherapy for other GU malignancies suggests that therapy in the neoadjuvant setting does not significantly increase perioperative complications, or the difficulty of surgical resection [17] . The therapies targeting the VEGF axis act specifically on pro-angiogenic pathways to inhibit RCC tumor growth, but also interfere with normal wound healing, tissue oxygen tension, and formation of neovascularity [18] . Investigators have observed an increase in wound healing and thromboembolic complications following nephrectomy in patients treated with targeted agents [19] .
In this systematic review, we examine the incidence and severity of surgical complications in patients undergoing surgery for RCC who were treated with presurgical therapy.
METHODS
We performed a PubMed and Medline search of English-language articles from inception until 7/2017. Key search terms included renal cell carcinoma, kidney cancer, nephrectomy, neoadjuvant therapy, perioperative therapy, targeted therapy, and surgical complications. We searched full-text articles for prospective clinical trials, retrospective studies, systematic reviews, and meta-analyses. Reports were individually reviewed and data extracted by the authors. We excluded case reports, preclinical studies, studies which did not report on complications, and studies in which patients did not undergo surgery.
RESULTS
Initial search yielded 79 records, and after duplicate records were removed, a total of 47 records were screened for eligibility. An additional 21 records were excluded and therefore the final qualitative analysis included 16 records. Figure 1 shows the flow diagram detailing the studies screened, assessed for eligibility, records excluded, and the number of studies included in the final qualitative evidence synthesis. Table 1 summarizes the prospective studies that reported perioperative complications in patients who received presurgical therapy.
COMPLICATIONS OF SPECIFIC TARGETED THERAPY AGENTS

Bevacizumab
Bevacizumab is a monoclonal antibody directed against VEGF that inhibits angiogenesis in tumor cells. The adverse event profile includes hypertension, proteinuria, and impaired wound healing [20] . It has shown to be effective in improving progressionfree survival in combination with interferonalpha immunotherapy compared to interferon-alpha [25] therapy alone for the treatment of metastatic RCC [21, 22] . Bevacizumab in combination with interferon remains a first-line treatment option for metastatic RCC.
The feasibility of safely performing cytoreductive nephrectomy following treatment with bevacizumab was investigated by Jonasch et al. in a single-arm, phase II study [14] . Of the 50 patients in the study, 84% were able to undergo nephrectomy after completion of preoperative therapy, while 12% had disease progression or deterioration of performance status. Bevacizumab was withheld for 4 weeks preceding nephrectomy. The most notable complication was a 20.9% incidence of delayed wound healing postoperatively. This included one fascial dehiscence requiring operative intervention, and 3 patients who required discontinuation of therapy. Although the study did not include a control arm, the authors compared their findings to a matched, historical cohort and found the rate of delayed wound healing to be significantly higher in patients who received presurgical bevacizumab (20.9% v 2.%, p < 0.001) [14] . Of note, the first 23 patients enrolled in the trial received oral erlotinib in addition to bevacizumab. Erlotinib was removed from the protocol after phase II data emerged showing a lack of efficacy in RCC.
The concerns about wound healing have been noted following treatment with bevacizumab for nonrenal malignancies. A recent meta-analysis of 7 randomized-controlled trials examined the incidence of wound-healing complications following therapy for gastrointestinal, breast, lung and renal malignancies [23] . The pooled analysis revealed a two-fold increase in the risk of delayed wound-healing or wound complications for patients receiving bevacizumab [OR 2.32, 95% CI 1.43-3.75] [23] . These results, however, were heavily weighted by the large number of patients undergoing treatment for advanced colorectal cancer [23] .
With the advent of newer targeted therapies as well as immune checkpoint inhibitors, bevacizumab is likely to have a limited role in the presurgical setting for RCC.
Signal transduction inhibitors
The advent of signal transduction inhibitors in the treatment of RCC started a promising new strategy in the management of advanced disease. Signal transduction is a complex process involving numerous different pathways mentioned previously in this review. RCC has been noted to be specifically suited for targeting of these inhibitors; particularly of the kinase pathways involved in tumor growth and angiogenesis [24] . The side effect profile commonly associated with the tyrosine kinase inhibition includes hypertension, hematological abnormalities, fatigue, stomatitis, and hand-foot syndrome. However, these adverse effects are generally considered manageable with a low overall incidence of serious problems [25] .
Sunitinib
Sunitinib is an oral tyrosine kinase inhibitor which exhibits anti-tumor activity via targeting of numerous receptors, mainly VEFGR. Numerous studies have evaluated its efficacy and complication profile when given as presurgical therapy in the context of larger studies looking at numerous agents, or those looking at sunitinib alone. Chapin et al. retrospectively evaluated a cohort of 70 patients who received various agents prior to CN. While the majority of their study patients received single or combination therapy with bevacizumab, 14 patients received single agent sunitinib [19] . Overall, this study identified that complications greater than ninety days post-operatively were more likely in patients who had received presurgical therapy (15.9% vs 3.8%; p = 0.002) [19] . Additionally, those patients who did receive presurgical therapy and experienced a complication were more likely to have multiple events (76% vs 51%; p = 0.013). As mentioned previously, this study also noted an increased rate of wound related complications. However, the therapy was not an independent predictor for overall complication risk or significant (Clavien >3) complications. Harshman et al. evaluated a small cohort of patients receiving either sunitinib or sorafenib preoperatively. 70% of their patients received sunitinib. Wound healing issues were also observed, but not appreciated to be statistically significant (p = 0.55) [26] . They also did not appreciate an overall increase in the perioperative complication rate on univariate or multivariate analysis (p = 0.47 and p = 0.25). Interestingly, they did note an increase in the incidence and severity of intraoperative adhesions as measured by a standardized grading system [27] . This clearly could present clinical implications and was believed by the authors to be directly related to the degree of therapeutic shrinkage after presurgical therapy [26] .
The safety of presurgical sunitinib therapy has been evaluated in several prospective studies. Hellenthal et al. examined the safety of 90 days of pre-operative sunitinib in 20 patients with clinical T1b-T3 clear cell RCC [28] . Sunitinib therapy was held 5 days prior to surgery for the first 5 patients enrolled, and 24 hours prior to surgery for the remaining patients. No patients experienced any adverse intra-, or postoperative complications due to sunitinib therapy, and routine surgical parameters did not differ significantly when compared to historical controls [28] . Powles et al. reported a combined analysis of two single-arm phase II studies evaluating either two or three cycles of sunitinib prior to nephrectomy with a total cohort of 66 patients. They noted an overall complication rate of 27% including 5 patients with delayed wound healing and a total of four Clavien 3 or higher complications, including one post-operative death [29] . They did not appreciate any significant differences in complications between those receiving two or three cycles of presurgical therapy, but did note that in those receiving three cycles there was a more prominent incidence of peritumoral fibrosis.
A recent study by Lane et al. assessed as a primary endpoint whether presurgical sunitinib therapy would facilitate partial nephrectomy by sufficiently downsizing the primary tumor. In their study, 86% of patients ultimately underwent surgical intervention with a 29% overall complication rate including five grade 3 or higher complications [30] . However, the authors did not feel that these complications could be directly attributed to the presurgical use of sunitinib.
Sorafenib
Sorafenib is an oral tyrosine kinase inhibitor with primary inhibition of the Ras/Raf pathway which has also been noted to be involved in other mechanisms, namely VEGF and PDGF [24] .
Cowey et al. performed a prospective study to evaluate the safety and efficacy of presurgical sorafenib. A total of 30 patients underwent sorafenib therapy for a median of 33 days. In their cohort, they observed no complications related to delayed wound healing or surgical dehiscence aside from a single case of a superficial wound separation managed conservatively [31] . These results are consistent with a 2015 study by Zhang et al. which evaluated 18 patients receiving sorafenib prior to surgical intervention. Although this was a smaller cohort of patients, there were no surgical wound healing complications appreciated. One patient who had a concurrent inferior vena cava thrombectomy did require reoperation due to bleeding, but this was not believed to be a result of the presurgical therapy [32] .
Pazopanib
Pazopanib represents an additional novel tyrosine kinase inhibitor targeting the VEGF, PDGF, and c-kit pathways [24] . Powles et al. prospectively evaluated 104 patients with advanced disease who would receive presurgical pazopanib followed by CN and continued pazopanib after surgery. Although the primary endpoint was the assessment of clinical benefit via RECIST, additional information was obtained regarding survival and surgical complications [33] . A total of 63 patients ultimately underwent surgery. Of these, complications were noted in 22% of patients with 3% Grade 3 or higher. One surgical-related death was reported. Overall, the results of this study demonstrated the safety and feasibility of presurgical pazopanib with an acceptable level of surgical complications [33] .
Rini et al. evaluated the efficacy of presurgical pazopanib in patients with localized RCC as a means to downsize the primary tumor and maximize the amount of renal parenchyma. This study is different compared to those previously discussed in that the goal was to perform partial nephrectomy in all patients, and these patients did not present with advanced disease. 25% of the patients in this study experienced a urine leak managed conservatively, while one patient had post-operative hemorrhage requiring embolization [34] . There was an overall high rate (64%) of grade 3 complications, but no grade 4 or higher complications reported.
Axitinib
Axitinib is a potent VEGF and PDGF inhibitor [24] . A 2014 prospective study by Karam et al. evaluated a cohort of 24 patients who received axitinib prior to surgical intervention. A total of 19 patients underwent radical nephrectomy while the remaining 5 underwent partial nephrectomy. Similar to other studies, there was an increase in intraoperative adhesions appreciated in three patients, however none of which were prohibitive to the surgical intervention [15] . Post-operatively, two patients experienced grade 3 complications including chylous ascites requiring percutaneous drainage and postoperative bleeding requiring reoperation. One superficial wound dehiscence was appreciated and managed conservatively.
CONCLUSIONS
While the exact role of presurgical therapy prior to intervention in patients with advanced disease is not clearly defined, a continuing amount of literature is demonstrating the effect of these medications on surgical complications. While several studies have outlined specific complications including an increased in surgical adhesions, the remainder of the identified complications do not appear to be directly related to the use of therapy. Wound complications have been sporadically reported in the literature but do not appear to be consistent. Concern for an increased risk of surgical complications would not seem to be a primary concern in providing patients with presurgical therapy. As we enter into the era of immunotherapy, it will be critical to thoroughly understand the potential peri-operative risks posed by these new agents. Most concerning is the potential for severe autoimmune effects, including pancreatitis, pneumonitis, and neuropathy that may affect to post-operative recovery process [35] . The PROSPER study will examine patients undergoing nephrectomy with or without presurgical nivolumab. On-going trials such as these will be of particular importance as we seek to gain an understanding of their impact on surgical efficacy and complications.
